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Chinese hamster ovary (CHO) genetic engineering 
• Dominant mammalian cell production host 
• For 30 years we’ve been asking for MORE and MORE!!!











Kallehauge TB. et al. Scientific Reports. 2017, Jan 16; 7: 40388
• Single/Multi-gene engineering in CHO
• Over-expression
• Supraphysiological levels 
• Compete for cellular resources 
• Unwanted genes occupy translational space (e.g. NeoR)
• Ribosomal Footprint  Sequencing 
• Over-expressed transgenes may achieve the anticipated
Phenotype e.g. enhanced growth but can saturate the cells 
translational machinery
• No titre benefits 
• Titre cost
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• Small non-coding RNAs (~ 22 nt)
• Over-expression will not case a translational burden
• Post-translational regulation 
• 3’-UTR/CDS/5’-UTR 
• Promiscuous little things
• Seed binding
• Imperfect complementarity 
• 10-100s of targets
• Potential to regulate multiple networks
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microRNAs as cellular “Engi-miRs”
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microRNAs as cellular “Engi-miRs”
• Numerous positive examples of miRNA engineering in CHO
• miR-23, miR-7, miR-17, miR-143, miR-557, miR-2861 etc.
• Selected based on DE profiling
• Growth, Viability etc. 
• Subsequent target identification, if at all
• Use more targeted approaches to regulate 
pre-validated genes
• X-linked inhibitor of apoptosis (XIAP)   
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XIAP Improves CHO growth and survival
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Predicting the predictably unpredictable 
Seok H et al. Molecules and Cells. 2016, 39(5): 375-381.
• Challenging selecting the right 
miRNA
• Non-canonical binding parameters
• Target prediction unreliable
• Too many cooks spoil the broth
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Biotin-Tagged XIAP mRNA hook
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Method in brief
• Numerous pulldown methods: 
• Ago IP  
• Biotin-tagged miRNA mimics 
miR-CATCH








mRNA transcript consisting of 5’Untranslated
region (UTR), coding sequence (CDS) with 







Endogenous expression of the milieu of




5’biotin tagged anti-sense oligo binds to the selected mRNA secondary 
structure and pulls down the unique mRNA and all 
associated miRNAs
6
All non-specific miRNAs are washed away leaving only 
target bound miRNAs 
7







mRNA transcript consisting of 5’Untranslated
gion (UTR), coding sequence (CDS) with 
sec ary structures (Loop), 3’-UTR nd polyA tail
Endogenous expression of the milieu of 
mRNA transcripts and miRNAs 
Enrich for and profile direct miRNA regulators of the 
target mRNA transcript 
All non-specific miRNA are washed away leaving 
only target bound miRNAs 
5’biotin tagged anti-sense oligo binds to the selected 
mRNA secondary structure and pulls down the 




• Fishing for miRNAs using XIAP as bait
4
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Reeling in the miRs
miRNA enriched in CHO XIAP-
CATCH
In-silico predicted to be 
regulators of XIAP
miRNAs co-eluting with both 















14 identified 26 identified 
• 91% sequence similarity
• Coding region 
• 4 miRNAs overlapped
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miRNA validation – Transient Overexpression/Inhibition  
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3’UTR Validation 
Target mRNA MRE Poly A
Target mRNA MRE Poly A
YFP MRE MRE MREMRE Target 
Protein





• GFP reporter “sponge”
• 3’UTR alone results in GFP repression 
• miR-124-3p – binding sites within the 
3’UTR
• miR-19b-3p – binding sites potentially 
within the coding sequence 
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Concluding Remarks
• miR-124-3p/miR-19b-3p regulate XIAP translation
• 2 of 14 enriched miRNAs validated – 12 remaining
• Achieve XIAP overexpression through miR-124-3p/19b-3p knockout 
using CRISPR-Cas9 
• Minimise translational burden 
• Full catalogue of miRNA targets 
• Numerous cell lines 
• Numerous cell types 
• Culture stages 
• Increasing predictablility
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